ABSTRACT. Current demands for the genetic breeding of castor bean include the adaptation of genotypes to low altitudes to expand the potential areas of cultivation. This study was conducted to evaluate the response of different genotypes of castor bean that were sown in winter and summer at a low altitude. The study was conducted in northwestern Rio de Janeiro State at an altitude of 60 m. The treatments consisted of genotypes IAC 80, AL Guarany 2002, BRS 149 Nordestina, BRS 188 Paraguaçu, Savana, Lyra, Mirante 10, IAC 226, Cafelista, G1, V1, and T1 with spaces of 2.0 m between rows, 1.0 m between plants, and one plant per hole. The plant height, number and length of racemes, number of fruits per raceme, seed yield, and incidence of gray mold were determined. The highest yields in both seasons were obtained by the genotypes BRS 149 Nordestina, G1, BRS 188 Paraguaçu, and IAC 226. The genotypes Savannah and Lyra had the lowest yields in both cultivation seasons. The genotypes responded differently to the environmental conditions depending on the growing season, and the spring-summer period was found to be more favorable at the low altitude of the study site.
INTRODUCTION
About 100,600 tons of castor oil were produced in Brazil in 2009-2010 over an area of more than 150,000 hectares, resulting in an average yield of 636 kg/ha (CONAB, 2013) . The first efforts to improve castor bean production in Brazil were carried out in the State of São Paulo in 1936 in the Campinas Agronomic Institute (Beltrão, 2004) . In the 1950s, in the State of Rio de Janeiro, studies of the introduction and evaluation of castor bean varieties were conducted in Itaocara (Bayma, 1958) at the institution that is now called Pesagro-Rio.
Northwestern Rio de Janeiro is characterized by small and medium farms and a strong emphasis on family farming. The cultivation of oilseeds, including castor bean (Ricinus communis L.), stands out in the production of oils and biodiesel. Research by Petinari et al. (2012) showed that this culture can provide an operating income that exceeds US$900 per year. Thus, soybean production gained prominence as a way to provide new alternatives for income and employment on farms in the State of Rio de Janeiro, including regions at low altitudes.
According to Beltrão (2004) , the optimal conditions for the development of castor beans are found in places at altitudes between 300 and 1500 m, an annual rainfall of at least 500 mm, and average air temperatures between 20° and 30°C (Amorim Neto et al., 2001) . The limited elevation range that is deemed suitable for the cultivation of castor bean has excluded many municipalities. However, results obtained by various researchers (Severino et al., 2006; Diniz Neto et al., 2012) indicate that the production of castor beans at altitudes below 300 m and in regions with high temperatures is technically feasible.
According to Zuchi et al. (2010) , the cultivars that are currently available have not been widely tested, and knowledge of their agronomic characteristics may allow the diffusion of technologies that are appropriate to each region. Therefore, the current demands for the genetic breeding of castor bean require the adaptation of genotypes to low altitudes. Thus, it is necessary to conduct research on castor bean production under these environmental conditions. This study was conducted to evaluate the response of various genotypes of castor bean that were sown at low altitude in winter and summer.
MATERIAL AND METHODS
The experiment was conducted under field conditions at the Experimental Station of the Pesagro-Rio in the municipality of Itaocara in northwestern Rio de Janeiro State at 60 m of altitude. Geographically, the study area is located at 21°40ꞌ09ꞌꞌS latitude and 42°04ꞌ34ꞌꞌW longitude. During the assay, the weather was consistent to some extent with respect to the long-term average weather conditions. , and P (by Mehlich extractor 1) and K levels of 1.00 and 48 mg/kg, respectively. The concentrations of Ca, Mg, Al, H + Al, and total bases and the cation exchange capacity at pH 7 were 1.8, 1.0, 0.0, 2.1, 3.0, and 5.1 cmolc/dm 3 , respectively, and the base saturation was 59%. The castor bean plants were fertilized according to the recommendations of Savy Filho (1997) , i.e., with 300 kg/ha of the formula 04-14-08 (NPK), in addition to topdressing with 100 kg/ha ammonium sulfate 30 days after emergence. Weeds were controlled by manual weeding. The crop was not irrigated.
The experiment was arranged in a randomized block design with four replications. Each plot consisted of four rows that were 7 m long, spaced 2 m between rows and 1 m between plants, and one plant per hole, covering an area of 64 m 2 . The two central rows were considered useful areas, and the plants at the extremities were excluded.
In the useful area of each plot, five plants were randomly marked, and the following variables were evaluated: plant height, number of racemes per plant, length of racemes, number of fruits per raceme, and disease index for the occurrence of gray mold. The grain yield was determined at harvest for each useful plot area. The harvest was performed in stages, depending on the characteristics of each material, and drying was carried out in an open area.
Observations of the occurrence of gray mold were conducted throughout the plants' growing cycle as the racemes developed. The number of diseased racemes and the percentage of the raceme area affected were evaluated using the following rating scale: degree 0 = a healthy raceme without visible symptoms, degree 1 = 0-25% of the raceme is affected, degree 2 = 26-50% of the raceme is affected, degree 3 = 51-75% of the raceme is affected, and degree 4 = 76-100% of the raceme is affected. These grades were assigned individually for each raceme category. From the levels of disease severity, the disease index was calculated according to the methodology that was used by Lima and Soares (1990) .
The data were subjected to analysis of variance, and the means were compared using the Tukey test at the 5% significance level.
RESULTS AND DISCUSSION
Analysis of variance revealed the significance (P < 0.05) of the genetic variability among the genotypes for all traits that were evaluated in both cultivation seasons, except raceme length and number of fruits per raceme in the spring-summer (data not shown). The highest castor bean grain yield in both seasons was obtained by the genotypes BRS 149 Nordestina, G1, BRS 188 Paraguaçu, and IAC 226 (Tables 1 and 2 ). The genotypes Savana and Lyra had the lowest yields for the two periods of cultivation.
The highest grain yields for castor beans that were grown in the fall-winter period (Table 1) were obtained with the genotypes associated with medium to large size, especially BRS 149 Nordestina, followed by G1, V1, BRS Paraguaçu, IAC 80, and IAC 226, which had yields that were above the overall average in absolute numbers. It was also evident that in this period, the genotypes that were characterized by short stature, such as Cafelista, Lyra, and Savana, although not significantly different from the genotypes of medium to large size except BRS 149 Nordestina, had the lowest yields in absolute numbers and were below the overall average. Means followed by the same letter do not differ significantly according to the Tukey test at the 5% significance level. CV = coefficient of variation. Means followed by the same letter do not differ significantly according to the Tukey test at the 5% significance level. CV = coefficient of variation. The genotype Mirante 10 had the lowest yield (416 kg/ha), which is consistent with the findings of Bahia et al. (2008) , who cultivated this genotype in Cruz das Almas in the State of Bahia. However, Rodrigues et al. (2010) found that Mirante 10 achieved the best results as seedlings when grown under greenhouse conditions in Lavras.
With respect to plant height, two distinct groups were observed. The tallest genotypes were BRS 188 Paraguaçu, BRS 149 Nordestina, IAC 226, Mirante 10, T1, V1, and G1, which did not differ statistically from one another, while the shortest genotypes were Savana, Lyra, Cafelista, and IAC 80, which also did not differ significantly from one another. These results are consistent with the characteristics of medium to high stature and short stature for the first and second groups, respectively. Genotype IAC 80 was an exception. It is characterized by medium stature, but it grew to only short stature during this period.
The highest grain yields for castor beans grown in the spring-summer period (Table  2) were obtained by the genotype BRS 149 Nordestina, followed by BRS 188 Paraguaçu, IAC 226, Mirante 10, and G1 (Table 2) . At this time of the year, the genotype Mirante 10 stood out as having the highest grain yield, which did not occur in the fall-winter period.
The highest yields occurred in the spring-summer period, with sowing in October, corroborating the findings of Aires et al. (2011) , who investigated the sowing season of castor beans in Rio Grande do Sul. The same authors found that the greater yields were associated with higher temperatures and higher relative humidity levels.
Increased grain yield was observed for all genotypes that were evaluated in the springsummer period relative to the other growing season, mainly because of the higher temperatures and greater water availability in the spring-summer period ( Figure 1A and B) . During the spring-summer cultivation, 899 mm of rainfall were recorded, while only 430 mm ( Figure 1B ) was recorded from March to October. 
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The latter amount, although small, was sufficient for the development of the culture. Another factor that may have favored the productivity of plants that were grown in the springsummer season was the lower severity of gray mold (Tables 1 and 2) .
Except for genotypes G1, AL Guarany 2002, and IC 80, the genotypes exhibited a lower average plant height in the spring-summer season than in the fall-winter season. The average plant heights were reduced by the following percentages: Savana (46%), Lyra (41%), BRS 189 Paraguaçu (38%), IAC 226 (32%), Mirante 10 (28%), BRS 149 Nordestina (25%), and Cafelista (3.4%). The reduced plant height may possibly have been due to the physical attributes of the soil where the experiment was conducted, which is an alluvial soil that is subject to drainage problems in the rainy season and received an excess of water in November and December 2005. This may have affected the vegetative growth of some genotypes that are less tolerant to poor drainage conditions, as noted by Beltrão et al. (2003) , who observed that excess water reduced the height of the castor bean plant BRS 188 Paraguaçu compared to water deficiency stress.
The G1 genotype showed no visible symptoms of disease under field conditions, with a disease index of zero for both growing seasons, and it may become a source of resistance to gray mold. However, further research is necessary. Rêgo Filho et al. (2007) reported that the genotype G1 stood out for the low incidence of gray mold that it exhibited during the fallwinter season at low altitude in Campos dos Goytacazes in Rio de Janeiro State. According to Milani et al. (2005) , gray mold is considered to be the most important disease affecting castor bean plants in many regions of Brazil. Therefore, the use of cultivars that are resistant to this disease is an effective and desirable management practice. However, cultivars with high levels of resistance to this disease are still under development in Brazil.
A higher incidence of gray mold was observed during the fall-winter season than in the other period under study as indicated by the disease index values (Tables 1 and 2 ). The climate of northwestern Rio de Janeiro State is characterized by a high relative humidity and mild temperatures during the fall-winter season ( Figure 1A and B), which may explain the high incidence of gray mold that was possibly due to the reduced average temperature associated with the high relative humidity during this period.
Recent study that was carried out by Aires et al. (2011) and Sussel et al. (2011) confirmed that higher rates of rainfall, artificial wetness, clouds, and high relative humidity provide more favorable conditions for disease development. Rêgo Filho et al. (2007) evaluated the development of gray mold in castor bean genotypes during the fall-winter season in Campos, RJ, and noted that disease incidence increased progressively during the season as temperatures decreased and that the peak incidence of the disease occurred in July.
During the spring-summer season, temperatures remained high in the region ( Figure  1A) , possibly contributing to the reduced development of gray mold. Despite the high relative humidity, symptoms of gray mold were first observed in April, when temperatures began to fall ( Figure 1A) .
The genotypes that were associated with small size were more severely affected by gray mold, possibly due to their more compact plant architecture, which is a trait of these genotypes that favors higher moisture retention and progression of the disease. This may be the main cause of the low yields of these genotypes during the fall-winter period. According to Milani et al. (2005) , more open plants are less affected by disease than compact plants and plants whose racemes are above the leaves because compact plants and plants with inflores-cence surrounded by leaves form a microclimate that is conducive to fungal growth.
In general, the genotypes associated with medium to large size had the highest grain yields, which were above the overall average in absolute numbers. These were mainly BRS 149 Nordestina, BRS 189 Paraguaçu, IAC 226, Mirante 10, and G1. Exceptions were observed for the genotypes AL Guarany 2002 and IAC 80, which had yields that were below the overall average, most likely due to the low number of racemes emitted by the plants in the spring-summer period.
The short-sized genotypes Lyra, Savana, and Cafelista had yields below the average, in absolute numbers, possibly because the spacing between them was the same as that of the genotypes of medium to large size, which may have prevented the expression of its productive potential. This effect was also observed and reported by Severino et al. (2006) . Thus, further studies are needed to evaluate genotypes that are associated with short stature in different population arrangements to obtain more conclusive data.
The cultivation of castor beans is considered to be economically unviable in environments at altitudes below 300 m because of the high temperatures that are typical of these regions, which intensifies respiratory metabolism and leads to higher consumption of photosynthesized reserves. However, in the two growing seasons that were evaluated in this study, the yields of even the lower yielding genotypes (except Mirante 10 during the fall-winter season) were well above the national average of 601.5 kg/ha for the historical series from 1976-77 to 2009 -10 (CONAB, 2013 , which suggests the feasibility of castor bean cultivation in regions that are close to sea level.
The adverse effects of high temperatures on the net rate of photosynthesis of different castor bean genotypes were significant only when they were associated with high vapor pressure deficits (Kumar and Vanaja, 2004) . Thus, in regions of low altitude with good soil water availability and high relative air humidity, the negative effects of high temperatures on castor bean yield can possibly be mitigated, as indicated by the results of this study.
The results of this study are also consistent with those that were obtained by Severino et al. (2006) , who demonstrated the technical feasibility of the cultivation of castor beans at altitudes below 300 m in regions with high temperatures. Severino et al. (2006) evaluated 10 genotypes of castor bean in three different places in the semi-arid region of northeast Brazil at altitudes below 300 m and reported an average yield of 1402.5 kg/ha for the three sites and variations from 621.1 to 1825.1 kg/ha among the genotypes.
The results of this study, together with other results reported in the literature, suggest that the cultivation of castor beans at altitudes below 300 m is viable and can achieve yields well above the historical Brazilian average provided that suitable genetic materials and appropriate management techniques are used.
CONCLUSIONS
Castor bean yields that are well above the national average can be achieved in areas of low altitude. In this study, the highest castor bean grain yields were obtained with the genotypes BRS 149 Nordestina, G1, BRS 188 Paraguaçu, and IAC 226 in both cultivation seasons. The genotypes Savana and Lyra had the lowest yields in both seasons. The different genotypes that were studied responded differently to the environmental conditions of the growing seasons, with the spring-summer period being the more favorable.
